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FLOODS OF THE YELLOW RIVER

[This is = full translation of an artiole written by Yeh

Yuns-i (Hydraulic Reseerch Institute; Peiping) 4n Ti-11 Hsuehe
pao (Acta Geographica S4inica), Volume 22, No 4, November 19506,

pages 325-337.]

Floods® of the Yellow River have always been very serious.

In order to eliminate flodd disasters, it 1is neoessary ‘to make

& thorough study of floods, The aim of this paper is to
glve a brief account of the flood situation in various BEC~-
tions of the Yellow River. S

The hydrological character'of rL river is the combined
product of the natural conditions of the drainage basin. 1In
order to study a river's hydrological character, it is nec-
essary to lnvestigate the natural conditions of the Yasin;:
especlally the weather and the: topography, in addition to
making an analysis of the river itself.

A, A Brief Account of the Hydrolosical Factors
of the Yellow River Valley

1. Tovography and Vegetation:

The total length of the Yellow River is 4,845 kilometers,
and the area of the basin whioh the river drailns is 738,000
square kilometers. The average width of the valley is 152
kilometers., The total descent of the river is 4,368 meters,

#This paper was read before the Geographic Report Meetinz,
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Above Lung-yangehsia;, the Yellow River flows across the
Tsinghai--Tibetan Plateau where the average elevation is about
4,000 meters, From Lunz-yen-hsia to Tao~hua~yu in Honan Pro-
vinece, the river flows through a loess plateau which has an
averaze elevation of around 1,000 meters. In the section
where the river ocuts into the plateau, there are many tribut-
aries, Below Tao~hua-=yu, it flows into the North China Plain
where the averageelevation id about.50 meters, There are
dikes on both banks, and the river-bed is higher than the
banks., There are very few tributaries in this sectioni

Above Lung=yang-hsis, the valley of the Yellow River con-
sists mostly of grass-land. There are a number of swamps
in this region. Between Lung-yang-hsia and Ch'ing-t'ung-
hsla, one half of the land consists of grassg-land and the
other of farmland, In the valleys of the T'ao Ho and Huang
Shul, there 1s a forest area of about 2,000 square kilometers,
The region between Ch'ing-t'ung-hsia and Ho-kfou-chen consists
principally of farmland. In the area below Huang-ho=chen
between Shansi and Shensi, and in the valleys of the Ching,
Lo, Wel, Fen and the I Ho and Lo Ho the land consists of
cultivated loess with the exception of a few rocky mountains
and ravines, Of the valle¥s of the Pei-~lo Ho, Wel Ho and
I-te ~ "~ Ho, 7 to 13 percent is forest land. (Fig 1).

2. Rain and Storms:

- The Yellow River Valley has seasonal winds and a semi-arid
climate. The rainfall in the southeastern part of the valley
averages 700 millimeters., It decreases gradually to 100-200
millimeters towards the northwest., From 70 to 80 percent
of the rain falls in the two seasons of summer and autumn,.
This 1s when floods occur, '

Below Ho=-k'ou-chen, the highest rainfall per day, accord-
ing to measurements made over a number of years, 1s between
100 and 200 millimeters. In the Lanchow area, the rainfall
Per day is only 50 millimeters., The following table shows
the highest rainfall over several years:
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Table 1

Location gginfall (mm) Duration(Days) M%ﬁ;?Aand
Pao-chi 237 9 1943.9
Sian 228 12 1950, 10
Yu-lin 144 4 1945,7
Tt ung-kusn 134 5 1038.10
Shen=hsien 189 9 1949.9
T'ai=-yuan 115 3 1933,8

6 1937.8

K'ai-feng 397

Storms of the Yellow River are of two types:

(1) The characteristics of the first type are as follows!:
heavy rainfall over a small area but of short duration, This
type of storm occurs often in July and August. It usually
lasts for only a day or two, and the longest duration 1s
not over 5 days, However, it may take place several tlumes
a month thus producing successive periods of flood., Storums
of this type usually center around the area east of the Ordos
in a line from Hu-ho-hao-t'e to T!'ien-shui via Yu-lin, In
the north Shensi area, a rainfall covers only a small area

(a depth of 25 millimeters covers in general only 10 to 20

thousand square kilometers). However, the storms are heavy
(two days of rainfall may reach 100-150 millimeters). Storms
that occur in the valleys of the Ching, Lo and Wel rivers .
may cover an area of 100,000 to 200,000 square kilometers.

(2) The second type of storm covers a larger area (in the
area above Shan-hsien, a depth of 25 millimeters generally
govers an area of 150,000 sguare kilometers). Also, it is
of longer duration (menerally losting 4-5 days). This type
of storm usually occur in September and October. The center
of the storm is often in the lower reaches of the Ching, Lo
and Vel rivers, '




B. Comparison of F;oods~i§ Varioug Sections
- of the Yellow River . .

1. ¥loods at Lanchow:

The drainage basin of the Yellow River above Lanchow has
an area of 216 000 square kilometers, The marshes, grass-
lauds, forests and lakes in the rezidn regulate the flow of-
the priver 1o some extent. Thus the rise and fall of flocods
at Lanchow is comparatively mild. A flood usually lasts from
one-to. two moaths (Fiz 2). The rise and fall of the flow as
indicagea by the curves 1s due to the rainfall in the neigh-
horing areas above Lanchow.
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Considering the size of the drainage basin above Lanchow,
the maximum discharge at Lanchow is not very large. In nor-
mal ¥ears, it does nol exteed 5,000 cubilc meters per gecond.
Since 1934 when records were kept, the bigrest fleod recorded.
ccocurred on 13 Sepbeunber 1946, The highest water mark noled
at the Hydrologisal Station at Lanchow (100-200 meters helow
the Yellow River Bridge) was 1,516.22 meters (above Ta-ku bage),
and the maximum dlscharge was 5,900 ¢ublcmeters per second.
The sverage maximum digcharge over the years was 3,900 cuble=
meters per second. The ﬂériaiionvccefficientjﬁv:iﬁ[@;Qﬁ.ngf
the skew of coeffid;entaﬂgfiS"engl'tQ 4Gy, the peak discharge
thet occurs once in'a century would be 6,800 cublemeters per
second, and the peak discharge that would ocdcur ounce in &
thousand vears would be 8,200 cublcemelters per second. The
greatest flood in history is known to have oeccurred between
13-18 July 1904 (30th year of Kuang Hsu). Then, the highest
water mark atALanchaw:was“lyﬁl?;O neters and the maximum dis-
charge was 7,500 cublometers per 'second. In- 1946 and 1904 a. .
part of the city Qf.Lanchanw&s;éovaréﬁ;by water. .. - .
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ihe total for 45 days of maximum flood diseharme of the
Yellow River at the Lanchow Station reached 14 billion cublec
meters, The average over the years is 9,660,000,000 cubile
metersi. The G, value is 0,24, If Cg is equal 0 2Cy, the
volume of a flood occurring once in a thousand years is
estimated to be 18 4 billion cubic meters»

The biggest floods of the Y9110w River at the Lanchow Sta-
tion usually occur in July and September. This is due to
the distribution of rainfall in this area (*iz 3).

e
2. Between Lanchow and Pao-t'ou!

Between Lanchow and Ch'ing-t'ung-hsia, the Yellow River
flows through wmountainous areas and the area of the dralnage
basin is increased by 61,000 square kilometers. = The rainfall
is light in this region (the annual rainfall is less than
300 millimeters, and the flood discharge 1s not increased
very much by it., From Chfing-t'ung-hsia to Ho-k'ou-chen,
the river runs a distance of 869 kilometers and the drainage
basin is increased by 105,000 square kilometers, In this re-
gion, the Yellow River flows through a dry plain, The river
bed is wide and the descent is gentle. The width of the bed
has a resulatory effect on the Tlood that ocomes down the
river from above Ch! ing—t ung~hsia, which somewhat reduces
the flood dis&harﬂe, The rise and fall of the water mark
is also less (Fig 2)., The maximum discharge measured at Pao=-
t'ou has been 4, 310 gublic meters per second. The discharge
of the kind of flood that would occur once in a thousand
years is estimated o' at 5,900 cubic meters per second, which
is less than the disaharre at Lanchow.

3. FProm Ho-%X'ou -chen to Shan-hsien:

Below Ho-k'ou-chen, the Yellow River has cut a ravine be-
tween Shansi and Shensi. Hany small tributaries enter the
river in this section., The slone of the terrain is quite steep,
Violent storms are frequent in the summer and autumn, Thus
the discharge at the Lung-men hydrological station often ex-
ceeds 10,000 cubie méters per gecond and the flood level rises
and falls very rapldly (Fig 6). However, the floods last for
only a few days,and they are quite different from those which
occur on the Yellow River in the vicinity of Lanchow and Pao=-
t'ou. o o




Such tributaries as the Fen Ho, Pai=lo Ho and Wel Ho (in-
cluding the Ching Ho) enter the Yellow River between Lung-men
and T'unz-kuan, RMLL stormg are heavy in this area, and they
produce neavy flooding.

P PR 3 & . k™ .5 “
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long Stoyms are not heavy in this are
2.5 s . -t T P vevyn P e Yo
lower reaches of the river lgw imwbaf

nel 1s wide, The flood water is used to 1rvi 4
the banis ci the river. .Acccrdin% to the measurements recorded
at tae Ho-chin Hydrological Statlion at the mouth of the Fen Ho,
the sledel C‘sc“q ze 1ls no more than 3,320 cublc melters per ses
ﬁo@d anh the annuel averace is only 830 cubic meters per second,
Congléerling that taere ig & basin area of 35,700 square kilometer
ebove the stztion, the discharse is smeall,

The drainace basin of the Ching Ho ig like 1 fan. It 1s
uﬂfca on the southeastern slope of the Liuv=ptan Shan. Since
sbcrda are hesvy and there are many tributaries the flood
gzzured at tha Chang=-chig=shan Hgdfolo ical Station at tae

modﬁh of the {hing Ho are often very pig. The largest discharge
measured reached 9,400 cublic meters per second. The blagest
flocds oczeour in ¢u~ St
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Figure 4
i ibution of Flood Volume over 30 Day
Periods at tne Changechla-~shan Sta-
tion on the Ching Ho.

(1) Maximum measured.

{2) Averase.




The storms in the drainage basin of the Pei~loc Ho are heavy
but of short duration. Thus the total flood voluem ls small
even though the flocd peaks are high. The floods are similar
t¢ those on the rivers in northern Shensli,

The storms along the Wel Ho are of longer duratlion, Thus
although the flood peaks are smaller [than on the Ching Hol, the
total volume is greater. This phenomenon ls partially caused
by the long and narrow shape of the drainage basin of the Wel
Ho. Measurements recorded at the Helen-yang statlon show that
the September volume 1s the largest (Fig 5). The Wel Ho valley
is an area of auvtumn rain; a record of such rains frequently
ap?ear in historical documents. The local historiea of Li-
ch'fan, Ching-yang-hslen and Ta-li-hsien all record ralns last-
ing from 40 to 50 days in the autumn of 1893 (24th year of
Kuang-hsu): 1906 (32nd year of Xuang-hsu) and 1910 (2nd year

of Hsuanet ung).

30 Days' Flood Volume » , &)
(in 100,000,000 cubic meters) . ’ /‘\\4.
/ “M“W‘:-ﬁ"s “‘

Lt (2)

Jun Jul Aug Sep Oct

_ FMlzure
Distribution of Flood Volume over

30 Day Perilods Recorded at the Hslen-
yang Statlon on the Wel Ho.
(1) Maximum measured.

(2) Average.
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If floods should occur at the same time in the Shansi-
Shensi drainage basin and in the Ching Ho, Lo Ho and Wel Ho
region, the flood at Shan-hsien would be very great (Fig 6).

G0
Flood Volunme
(cuble meters per sec) ™y

400¢
305

2000

look »

o .
Jun Jul Aug Sep Qct

Figure 6

Flood Volume at the Lung-men and
Shan-hslen Statlons of the
Yellow River in 1937.

(1) Shan-hsien {2} Lung-men

4, Below Shan-hsien:

. ‘The I~lc, Ho and Ch'in Ho enter the Yellow River between
Shan~hsien and the Peiping-~Hankow Rallway. Storms are very
heavy in this area, and floods sometimes threaten the dikes
along the lower reaches of the river.

Below the Peiping——Hankow Rallway the Ta-wen Ho enters the

Yellow River through Tung-p'ing-hu. The channel of the river
serves ito regulate and reduce the flow (Fig 7).
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discharge was 18,500 cubic meters per second. The previous
estimate made was 22,000 cubic meters per second., The se=
cond largest flood occurred on 4 August 1942. The water
mark then reached 298,66 meters and the discharge 16,400
cublic meters per second., The smallest occurred on 4 Aurust
1924, when the discharge was 3,250 cubic meters per second.
The average volume over the years of greatest discharge

is 8,740 cublc meters per second. The Cy value is 0.43,
The estimated discharge for a flood that would occur once
%n azth?usand years l1ls 30,000 cubic meters per second

- According to investigation, the bigpmest flood in history - e
occurred on 10 August 1943 (23rd year of Tao Kuang)., The

people in the Shan-hgien area have the saying that "in the :
23rd year of Tao Kuang, the Yellow River rose up to heaven

and wiped out T'ai-yang-tu and Wan-ching-t'an (T'ai-yang-tu

and Wan-ching-t'an are places in Shan Hsien). From traces

of the flood, the maximum discharge in that year is estimated

at 30,000 cubic meters per second,

The average volume of the bizgest thirty day and forty-
five day floods over the years were 8,750,000,000 cubic
meters and 12.1 billion cubic meters respectively., The Oy
values are both 0.34, The volume of such floods which might
occur once in a thousand years are estimated to be 13 bil-
lion cubic meters and 29 billion cubic meters respectively,

2. Floods in Various Months:

The volume of the Yellow River floods vary from month
to month, After the first 10 days of June, the maximum -t
flood discharge increases rapidly, It reaches its peak in
the flrst 10 days of August and then decreases gradually
(Fiz 8). If the same figures are assumed to exlist for the -
whole perlod when reservolirs are desismed, thelr capacity
will not be fully utilized, thus incurring waste. We must
therefore ascertaln the flood discharge of each month and
design our conservation projects accordingmly.

There are two flood peaks at Shan-hsien each year., The
first occurs in the period between the middle of July and
the mlddle of August, and the second occurs in Sentember,
According to measurements, the maximum discharge of the
latter exceeds the former (Fig 9 and 10). The peak flow
of the former is due to the frequent storms in the Shansi-Shensi

13
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rerion which are short in duration and cover & gmall area.
The peak flow of the latter is dug to the heavy rain that
ocowrs frequently in the repion above Lanchow and in the
Wel Ho area in September. Tae run-off coeffleient of the
latter rerion 1z zreater than that of the logss plateau

of ncrthern Shensi, Thus bigeer floods cccur in September.
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Figure 8
Tne Distribution of the Maximum Dlscharges
in Various Months during the Flood Sea-
son at the Shan-hsien Stetion of the
Yellow River.

(1) Once in a thousand years for various
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{2} Actual measurements for various monthe
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flood flow

The percentage of water f{rom the Pel-lo H 18 O.l oenu 10
6.1 percent. The averaze is 2 percent
On the main surea* itgelf, the water that ccomes from the
river above Pao~tfou ﬁwstit"tns & larse per ﬂentaaen-éo vEr-
cent to 90 percent, As the flood volume at Jaan—agﬂen 171w
ereases, tho we“cu“tage decreases, That is to 527, the creater
the flood volume at Shan-hsien, the higher will be the ver-
centare of the wuter from the Chinz Ho, Lo Ho and Wel Ho
(Pip 12).
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2. Composition oflthé Diédhéfnes at Fiddé Peaks:

Of the: dischar"e at Shan-hsien; ‘the variabllity of the
flow frou Pao-t’ou is not great-ubeinu 700 to 3,000 ‘cubie
meters per Ssecond, with an averagd of 1,600 cubié meters per
second., 'Whén the discharsge during the flooé peak at Shsn—;
hsien is smell, the flow from Pao-tiow is also smalli  Simi«
larity,; the corresponding flow £r6l the Fen Ho i past years .
has not bs en!mOre than several ten o several hundred cubid
meters be Bedond.

The discharge at Shan-hsien domes principally from the
area between Pao—t ou and Lungsmen and the area of: the Ghin
Lo and Weél rivers: At times; the flood of a single river
may cause a princlpal flood peak at.Shan-hsien--as in 1936,
1942, 1950 and 1952 for example. ‘The big floods at Shan-
hsien, such as those which occurred in 1933 and 1954, are
cauBed by the flooding. of rivers of. two different areas
at the same time., The flood waters froum the area between
Pao~-t'ou and Lung-men have & greater effect on the larger
peak discharges at Shan-hsien, During floods on those rivers,
the peak discharges at Lung-men aré 50 percent greater than
at Shan-hsien. : L e e .

3. Understandinﬁ the Scurces of rloods at Shan—hsien
from a Study of Flood Pistory.;jn, 4

In 1955, the Yellgw River Gonservation Gommission and
the Shensi Water Congervancy Bureau made a field investlgation
of the historical floods of the maln stream of the Yellow -
River between Ho-k'olu~chen. and Hsiao-lana—ti and of the fol—
lowinr tributaries: *the K'u-yeh Hoy, . Wuptlnr Ho; Ching Ho,
Pei-lo Ho, Wei Ho, I-lo ~ Ho and Chiin Ho, After making
a detailed study of the years in which the floods occurred,
their size, their traces and other factors, the following
conclusions were reached: o

(1) When exceptionally bio~ floods occurred at Shan-hsien,
big floods also took place between Pao~t'ou and Lung-umen and
1n the Ching and Wel rivers. However, the floods were not
excentionally big for the. rivers. For instance, during the
flood at Shan~h31en in 1843, there was no. fleoecding in the -
@main river or in the tributaries above T uno-kuan° However,
heevy floodlnr occurred between Shansi and Shensi and in the
Jei Ho. From the memorial .on rainfall submitted by the .
Governor of Shansi, we know that in 1843 three, four and five
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inches of rain fell on the 7, 8 and 9.of August respective-
ly in the area of Hsing-hsien; Ho-ch'u, Lin-hsien and Pao-.
te in northern Shensi, Heavy rain also fell in the area .

of Hsu~kou, .T! al-yuan,- Wen-shui and Chiao=-ch! eng in central
Shansi. In ‘his memorial -on: 21 Auguet, Governor Li Hein—yuen
of Shensi alsgo- mentioned the flooding of Beveral chou and .
hsien along the Wei-Ho causeéd. by a rush of water Trom the ’
mountaing;, - He also noted “that froin éne’to three inches of
raln fell during. August 6-9 1n the area of Sian, Feng-hsuan,-
Han—ohung and YU-1lin, ' - ot

(2} Exeevticnally lerge floods ooourred on différent rivers
in differént years.,.the Ching Ho in 1847 and 1911,-the Pel-
lo Ho in 1839 and 1855, theWal Ho in 1849 and 1893, and at
Lung-men in 1942 and 1896.3 In a1l these- years, no- ezception~
ally ‘large flood-occurred at-Shan -Kelen - It 18 thus clear
that even an- exoeptionally larg lood on any single river e
cannot bring about- an exceptlonally large flood at Shan-hsien,
However, exceotionelly heavy floods above Lung-men do have
an important effeot on the. flood at Shan—hsien, for 1netance,f
the floods of 1896 and 1942. - .

PR

(3) The dieoharge of theé Ghind Ho gt flood peak ia quite
great. In 1847, it reached 18, OOO cubic meters per second.
This sltuation is worth our attention. A local proverb says!

"We are not afraid of the 18 branches of the nine streams;
we are freid only of the torrential” rein over P'ing-liang
and Yang-ch'ing." This indlcatés that flooding on the Ching
Ho is chiefly eaused by rain over the P'ing-liang and Yanp-
oh ing area. o o ‘ ‘ .

(4) 1” floods at: Lung~men are’ mostly orieinated in such
tributariee ‘ag the Wu-ting Ho, T"u—-yeh Ho  and Huang-fuuoh uan;
and, Very poesibly from the upoer reaches of these tributaries.

lE. Relation Between EloqQWIOcourring Above K
| and Below San-men-heia P

Between San-men-hsia and Ch'in-cb'ang, the }dp Ho,,;“;.i
and 'Ch'in Ho join the Yellow River, which increases the

area of  the drainasge baein by 40, 000 square’ ‘kilométers. Also,ia

the” dlscharge from the reeervoir at San~men-hsia during: the -
flood periods is augmented by the floods ‘of this avea, ' It .
1s thus neoeesary to know the volume of discherge of these
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rivers between San-men-hsia dnd Ch’in—ch'ang and how it
joins the discharge from the area above San-men-hgia., On
the basis of past records, we have the following situations:

(1) When there are big floods above Shan~hsien, there may
not be any great flooding in the valleys of the I-ke Ho . -
and Ch'in Ho, For instance, “the flood ¥olume at Shan-hsien
in 1933 was the greatest ever measured and that of 1942 was
the second greatest, According to iHVestgﬂatiOn, the I=lo -
Ho and Ch'in Ho did not have big fibb&s ih elther year.

(2) When a flbod above Shan&h91en is riot heavy,,floods
on the I-lo Ho and Ch'in Ho might be biz. For instance,
according to investigation, the I-10 Ho flood of 1931 was
the largest dver the . years. And, “the” I-1lo Ho peak discharges
in 1935s 1937 and 1954 were &%l ‘around 8,000 cubic meters
per second, while the peak. discharpges at Shan-hsien were
from 5,000 to 6,000 cublc meters per second. Vo

The Wei Ho and I~lo Ho are on the same 1atitude. Morew-
over, both are sheltered by the Ch'in-ling Shan and the Fu-
niu Shan in the south. Thus the two rivers often flood at -
the same time. -According to data coverlng the eight years
from 1934 to 1937 and from 1950 t6' 1954, flooding occurred
on the Weil Ho 58 times and on the I-lo Ho 46 times. That
is to say, there is an 80 percent ‘chance of ‘the latter flood-
ing when the former doesg., .On the other hand, floods that
occur above Lung-men have little effect on the I-1lo 'Ho, That
is because the etorms that occur above Lung-men seldom reach -
that river, This is the reason why floodlng was minor on
the I-lo Ho in 1933 and 1942 when the floods above Snan-helen
were heavy. v

The Gh'in Ho is in the north’ while the I-lo Ho is in the
south, ‘Exceptionally serious floods on these rivers do :
not take place at the same time, Accordins to investigation,
etceotlonal flooding of the I-loc Ho took place in 1935 and
1931, while on the Cn'in Ho they took place in 1895 and 1943.
However, as the lower reaches of theseé two rivers are close
to each other, it is possible for the floods in these parts
t0 come tozether at the same time. Floods 1in thls area are,
however, not very blg since this is an area of plains and hills.,

Floods on the I-lo Ho s¥stem almost always occur at the
same time, while on the Ch'in Ho and its tributary, the Tan
Ho, they seldom occur at the same time, Accordling to investi-
gation, the Tan Ho had its biggest floods in 1900 and 1932,
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These were, not the years when floods on the Gh'in Ho were  fff

the heaviest.

The channel of the 1ower reaches of the Xellow River

above Ai-shen in Shantung ‘Province has a width of 5-10 kilo-

meters. .Thus the flood peaks diminish as .they pass “throuzh

this stretch of the- river, . ‘However, the channel below Al- R
shan 1s narrowsr uith & width of .generally around one kllo—"

meter, Thus the capacity of the channel is 1imited.

The degrease in the flood peak -in the lower reaches of
the river- varies accordinc to the following circumstances: -

(1) The decrease 13 greater ‘when the flood peak,_even
though hirh, is of short duration. L

(2) The cacacity of the channel is less when the volume
of the original flow of thée channel is large and when the
water level 1s hich. S . v

(3) When flooding from the La-wen Ho. fills up Tung-p ing

Lake first, the: capacity of the latter. to; retain flood watersi

of the Yellow River As reduced.c.yq},_”

During the flood whioh occurred in the last 10 days of _
August 1953, the channel between -the Ch! in-ch'ang and Sun—
k'ou held 880 million .cublo meters of water (Fig 13).
making an estimate. ‘based .on & cross section of. the channel

the retentlon capacity from Ch'inech'ang to Lo-k'ou, measured

from the mark ‘which indicates the level of safe discharge
in the lower reaches of the river to be 8 000 cubic meters

per second to the water mark of the allowable flood discharge“

at a moument, is 3.2 billion cubic meters., However, since the
flood peak: moves down the river -constantly the water :ln each .

cross -séction cannot reach the highest mark .at the same time.

Therefore, . ‘the retention. capacities of 880 million oubic &
meters and 3.2 billion estimated. above cannot be treated in
the same way as the capacity of a reservoir.»: :
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. Plans for the Control of Yellow River Floods

Having come to unders tand the flood character of the
ollcw*nm susgestlions on flocd

Yellow River,
gcontrol: :

we now.maﬂe_tr

(1) ghouli reservoirs bb built or shouxd the height of
the iire" e 1nﬁroaced° : o

Tne floods

hat come fram t%e area abcve ¢h'in~

very hilgh peak dlscharges while the safe ﬁlﬁcnarge
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of the lower reaches of the rlver .is small. If dikes are used
to control the floods, their height must be greatly lncreased.
The dikes on the banks of the lower reaches of the Yellow
River are very lons. To increade the height alons the full
length of these dikes would entall very high expenditures.
lioreover, since the water contains a large amount of silt
which constantly £ills up the river bed the height of the
dikes would have to be constantly increased, And, the dikes
themselves constitute a danger for they are donstantly ex-
posed to the priessure of the éurrent:

If reservoirs are used to control the floods, they will
not only reduce the flood peaks but also rezulate the flow
for the purposes of power generation, irrigation and navi-
zdatlony Thus flood control of the Yellow River should be
aohieved principally through the building of reservolrs and
gecondly through imbrovement of the channel in the lower
reaches so as to increase its discharge capaclty. As to
the Yangtze River and the Han-shui it is not possible to
create a reservoir large enough to retain flood waters be-
cause of the exce551vely large discharge., (And even 1f it .
were possible it would not be economical~to build one.) Thus
in addition to building reservolrs on the upper and middle
reaches to reduce a part of the flood, special attention
must be paid to the improvement of the channel of the lower
reaches, and to measures for breaking up the flood and eli-
minating it.

(2) Where should reservoris be built? From the above sec~
tions, we have learned that the floods that menace the lower
reaches of the Yellow River are from three sources: First
are the many tributaries in the section hetween Ho-k!ou~chen
and Lung-men in the Shansi-Shensi area, Secondly, there are
flood waters from the Ching Ho, Lo Ho and Wel Ho systems,

And thirdly, there are the floods from the I-lo Ho and Ch'in
Ho system.

We must note that in 1933 when the flood discharge at
Shan-hsien reached 18 500 cubic meters per second, the flood
that came from Pao-t'ou amounted to only 2,000-3,000 cubic
meters per second. Thus even if all the water from the area
above Pao-t'ou were under control, it would not help very
much. e must also note that the exceptionally big floods
at Shan-hsien are caused by flooding on all the tributarles.
Therefore, to control these floods it 1s necessary to bulld
reservoirs on all the larger tributaries. Thils will be very
expensive and will take a lot of time, Hence, reservolrs
gshould not be bullt above T ung-kuan but below that point.
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The reservoir on the main streeam of the Yellow River below
Tfung-kuan should be built below the point where-the I-lo
Ho joins the river and above the point where the dike begins.
In this way, all phases of a whole flood can be put under
control, However, this section of the river does fiot have
the topogzraphical and geological conditions favorable to
construction of a Hem, Thus San-men+hslia Whiclh possesses
such conditiohs Has to be chosen as the dite. fThe peservoir
here has a large capacity and it can cofipletely: control any
"thousand-year flood" (floods that [figuratively]occur once
in a thousand years) above the dam. However; the I-lo Ho and
Ch'in Ho enter the Yellow River below San-men-hsia. Hence,
the flood flow from these rivers i1s still a menace to the
channel in the lower reaches, - It ‘is, therefore, necessary
to take measures to control the flooed in this area.

(3) How should the reservoir be -used to" cortrol floods?"

The volume of the Yellow River flood varies from month
to month. In order to utilize:the reservoir economically
and effectively, we should:provide the necessary capacity
for flood control accordins to the 'flood volume of each month.
fost of the flood peaks in July and August are high, but the
volume is not very large; while in-September and October,
the flood veaks are low but their volume large. - Thus the
reservoir should be worked differently in different months,
The flood from Lung-men seldom combines with the flood from
the I-lo Ho. The water from the reservoir may, therefore,
be safely dischargeds Flood waters from the Wel Ho may -
possibily Jjoin those from the I-~lo Ho. ' When this happens,
attention should be paid to the amount of water discharged
from the reservoir, e

G. Conclusgion

. g

(1) In order to understand the floods of a river, it 1is
necessary to fully understand the natural geographical factors,
including the climate, topography, soil, vegetation, etc.,
of the drainege basin., That is to say, in studying a hydro-
losical phenomenon, it is necessary to analyse the environ-
mental conditions in addition to makinz a comprehensive study
of the phenomenon itself, '

(2) Since the floods of the Yellow River are caused by
seasonal storms, they have a strong seasonal character. And,
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as the rainfall differs each month, the volume and form of
the flooding also varies from, month to. month. Insudying .
floods, we must pay attention .to their seasonal character. -
Thls prineiple may be applied to the study of any .river in.

the eastern part of China: . .

(3) As the Yellow Rited flows through areas with.different
climates, the nature:of .1ts flood, also varies ih.accordance’
witih the changing conditions. Therefore, in analyzing a =~
flood we must pay attention to the chahacteristles of the -
area the river/passes through.. ¥ ey, oA

(4Y7Th§“80urceé“0f.gﬁflébd”above'éqdam and‘thé combining
of flood waters above &hd below a dam are new topics" in the '
study of floods, These topics may be solved through the use

of statistiecs and analysis of the geographical characteristics.

(5) The investigation of historical floods has a very -
important bearing on the study-.of rivers on which- there is
a shortage of data or of rivers which have not yet been
fully studied. Beslides helping to understand possible flood -
levels and flow volumes, -investigation of floods can also .
help us understand the character of their rige . and fall,
rainfalls, flood sources and the Jjoining-of floods from -
different areas. J T DI RE

Concernins the nature of .the Yellow Rlver :floods, we must
admit that there are still many. .problems that we” do not ¢ ;
understand very fully; especially suech problenms as the forma=- -
tion of storms, the relation between storms .and run=-off,
the Joining of floods, the progress of floods in the river
channels and similar problems, Ve must continue to study -
all of these, ' S
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THE PLUVIAL REGINE AND DROUGHTS OF THE
YELLOW RIVER BASIN®

[This 1s a,full translation of an article written by
Yang Chien~chtuf&nd_Hsu_Shu-ying; Institute of Geophysics,
Academia Sinica in Ti-1i Hsuehi-pao (Acte Géographica Sinica),
Volume 22, Wo 4, NoVefiber 1950, pages 339~351.,1 =~ . - =

In-1954 the Institute of Geophysies 6f the Academiz Sinics
and the Yellow River. Planning Commission jointly did some
rather comprehensive -work on ppedipitation in the Yellow R
River Basin. The work included couplling, .editing, analyzing,
and research on materials concernred with precipltation, '

As a result,,ﬂAiPﬁecipitétionLAtlasjﬁfTthe'Kellow River
Basin" and a dpecial issue, entitléd "THe ‘Precipitation of
the Yellow River Bagin" were published in 1955. The former
includesﬁl43'ﬁarious}diagrams{and.mépsﬁqn;precipitatiqn and
the latter seéven articles which dl'scuss the problems of pre-
cipitation,_stormg_and.flood_peaks,,dnqughtstand so .forth.

This article is based on' the above-mentionsd works and .
attempts to give a general adecount of the pluvial regime and
the droughts of .the Yellow River Basin, I

. -l The Characteristics in the“Seasqpal Variation

e o

, .~ of Precinitation in the Yellow River basin

The distrlibution of the mean annuel precipitation in the
Yellow River Basinh generally decreases from southeast to north-
west (Fig 1). It is heaviest in the mountain areas of Ttai
Shan and I Shan in Shantung Province, and lightest along the
river from Teng-k'ou to Chung-ning above the Ordos. The aver-
age annual precipitation in the various regions of the Yellow

Rlver Basin generally 1s 150 to 950 millimeters (Reference. 1).

¥This article wes read before the Meeting for Reporting
Academic Learning of the Geographic Society of China.
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As shown in Figure 1, the seasonal variation of preci-
pitation in the Yellow River Basin is very pronounced.
The precipitation in the various areas 1ls highly concentrat=-
ed in the summer season (June 40 August), The summer rain-
fall in the overwhelming majority of areas throughout the
entire basin amounts to more than a half of the annual
precipitation. This is particularly true of the Hopel
Plain, where summer rainfall occuples about three-quarters
of the annual amount, thus making it the reglon with the
most concentrated summer rainfall in China.

Autumn precipitation is slightly more than that of
goring in most areas of the Yellow River Basin; this varil-
ation is partlcularly distinct in the Wel Ho Basin and the
upper reaches of the Yellow River., Precipitation ln wlnter
is usvally scarce and amounts to only 1 to 7 vercent of the
annual figure in most areas.

With the exceptlon of the eastern part of the basin,
the distribution of the averapge annual number of rainy
days generally decreases from south to north (Figure 2).
The area between iin Hsien and T'ien-shui has the greatest
number of rainy days in the entire basin, whereas the
southern part of Hopel . ur'ovinoe, the eastern and the
western slopes of the T'al-heng Shan, and the Ordos and
the area west of it have the least number of days with rain,

The average amnual number of rainy days in the various

areas throughout the basin is wlthin the scope of 30 to
115 days (Reference 1),
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Figure 2

Average Number of Ralny Days per Annum
and Average Frequencles of Light, Medlum,
and Heavy Rains Per Annum &t Yarlous
Stations in the Yellow River Basgin
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The rainy days of the various stations in Figure 2 are
divided into four types-~lisht rain, medium rain, heavy
rain'and rain storms<-according to the accumulated Precini-
tatlon during each day, A daily precipitation of 0.1 to 10.0
millimeters is called light rain; that of 10.0 to 30.0 milli=-
meters 1is called medium rain; that of 30.1 to 49.0 nillimeters,
heavy rain; that eguivalent to or greater than 50.0 milli-
meters, a rain storm,

Zvidently, the number of days with 1ight rain are quite
frequent in the Vel Ho Basin, generally being more than 70
days. And, there are as many as ?6 deys in HMin Hsien, where-
as tiere.are only 19 days in Ta«t ungi  However, the general
range 1s 30 to 80 days in the various areas of the basin,

The number of days with & medium rainfall varies only
slightly between the various areas and menerally i1s within
the limit of 10 to 15 days. However, the northwestern part
of the middle and upper reaches of the Yellow River has much
fever. Tor example, the area of the Ch'ing-t'ung-hsia gorge
has only five days with medium rain in an average year, On
the other hand, the Wel Ho Basin has more days with medium
raln, totaling about 15 days, vhereas Ilin Hslen has 17 days.,

The various areas of the [Yellow River] basin have an
average of about 0.5 to 4,5 days with heavz rain; the lower
streteh of the river generally has 2,0 to 4,5 days; the
northwestern part of the ‘middle and the upper reaches of
the rlver has only 055 to0' 1,0 day. '

The number of days with a rain storm accumulation is also
greater in the eastern part of the lower stretch of the river
andin the mountain areas 6f the Ch'in-ling Shan. Such heavy
Precipitation seldom appears in the northwestern part of the
middle and the upper reaches of the river, As a whole, the
number of days with a rain storm accumulation veries within
the range of none to two days for the entire basin,

The following 1s a discussion on the characteristics of
the precipitation in the Yellow River Basin according to
the seasons,

(1) Soring: Soring (lareh to May) precipitation is scarce,
generally amounting to between 30 to 130 millimeters and ac-
counts for only 10 to 20 percent of the annual amount of the
various areas. In the Wel Ho Basin, especially in the areas
of Iiin Hslen and T'ien-shui,_spring Precipltation 1ls heavier
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and averazes 100 to 130 milllmeters, which amounts to 20 to
25 oercent of the local annual nrecibitation.

Tith the ex cepticn of . the basins of the Lo Ho end the I
Ho [in Honan Prov1nce], the resions in the Yellow River Basin
generally have a spring preclpltation of less than 100 milli-
meters, In Shansi and & vast Sectidn in: Hopel. the spring
preécipitation averages. only aﬂout 50 millimeters; which
amounts to 10 to 15 perceﬁt of the afinual ﬁrecibltatioa, it
18 definitely insufficientd

Spring preclpitatlon in the Yellow River Basin 1s not
only scarce but also varies. greatly. from year to year, A
year with an annual nrecipitation less than average frequent-
1y b6c¢curs, and in the past when agricultural technigues '
were backward it frequently caused drought and famine,

The problems of drought will be treated :in the thlrd -
section of this article.,  How let us discuss the weather
conditions which lead to the formation of spring precipita~-
tion in this basin in order that the causes of insufflclent
sarinr rainfall may be better understood..

In harch or early spring the warm and humid southeast
air current from the oceans can hardly penetrate north
of latitude 35° North (References 2, 3). - Hence the hunidity
in the Yellow River Basin in spring is usually low. At |
this time the changes of weather. in the Yellow River Basin
are mainly under the 1nf1uence of the vesterly wind circula-
tion in east Asia. - :

The wave motion of the westerlies in east Asia is parti-
cularly frequent in spring (Reference 4), . Whenever. a pres-
sure wave passes through the basin from west to east, a warm
horizontal current flows nortnward from the front of the
low pressure trough while other air currents:converge and
ascend in front of "the trourh, -gometimes resulting 1n L small
amount of precinitetion. : o

Since this northward-flowing warm horizontal ourrent does
not originate from the tropical maritime air masses but
Tfrom the land surface=modified polar continental air masses
(Reference 5), its original moisture content is not high.
It 1s further depleted on-the way northward after the .air
current has passed over the east to west running mountain:
ranges in central China such as the Ch'in-ling Shan, Fu-niu
Shan, Ta-pieh Shan and other renges. Therefore, it is
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impossible for 8, 1ar5e amount of precioitation to occur in
front of the low oressure trouﬂh.

lO ‘the’ reer of the lcw oressure trouﬂhs there often occurs
pronounced cold fronts because of the invasion of the cold
horizontal current: Sinée cold air contains very little .
moisture, the precipitation near the cold front is often
neglible, or' it .can. even -‘be that no precipitation takes=

place at all,

Furthermore, as the low pressure trough moves from the'
plateaux in the west over the Wu-t'al. Shan anda T' al-heng
Shan to”the North China Plain, the cold air in the rear of
the trough sinks lower and lower;. resultino in a. condition :
not conducive 10 precipitstien¢ e : e :

Teather maps of the past years: Aindicate that in’ spring |
and autumn when the cold front ‘reaches the. North China -
Plain after. nassing over the, plsteaux and '‘mountain areas -
in the north and the west, 1t either-increases its south-
ward shifting speed or becomeg dissolved. As & result. the -
cold front type of precipitetion dces not last in the lower
reaches of the Yellow. River, : g . .

As to the cyclones or the low depressions oroduced in

the Yellow River Basin in ghring, they generally do not bew

come strong nor do they develog>until they reach the ocean -
from the Chinese mainland, “While on: land, these cyclones -
or lows are very small in scope and their intensity is low. -
Sometimes the force of theipr wind may become stronger but
the amount of . precipitetion produced is very small,: o -

It is evident, therefore, that because of ‘the: character—-cf

istics of atmospheric circulation in. east: Asia, the condi~

tions conduéive to a large amount of precinitation in sprine,f

are non-existent . in the Yellow River Basin. (especially in
the plain areas of the lower reaches) and hence that the

scarcity of rain 1n soring has become a normal ohenomenon'in

the areas.,.

The situation is further aggravated oy the- hish snnusl
variability of the westerly wind.circulation (Reference 6),
Spring precipitation in. the basin thus. becomes even more - -

unlikeély and the high frequency of spf'ing drought 1s there-; f

fore nét accidental.hw;u
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(2) Summer: As mentioned above, the precivitation in
this basin is highly concentrated in summer (June to August),
and sumnmer preciﬁitation accounts for more than 50 percent.
of the annual amouht in the various regions of the basin,

In those areas of 1nsuff101ent spring precipitation mention-
ed above, such as the Hopei Plain, stummer rainfall amounts
to about 75 perdent of the annual precipitation, In Shan-
tunz, Shanbi and the southern part of Inner Mongolia, which
are also vegions with matlked oncentratioﬁ“bf rainfall
in sumher, 60 to 70 percent og the annual precipitatlon
falls in summer,

In the Yei Ho Basin, where the preeipitation of sprin~ .
and autumn is slightly heavier than in the other regions, -
the ‘concentration of rainfall in; sumner is less marked and
generally accounts for 40 to 50 Dércent of the annual preci-
pitation, In the Lo Ho. and the I.Ho basins, summer rainfall
accounts for about 50 percent of the annual amount, while
in the middle and the upper reaches of the Yellow River it
senerally is 50 o 60 bercent., - . «

With the e&cenuion of the -northwestern part of the middle
and the upper reaches of the river, the average summer rain-
fall in the various areas of the basin is over 200 milli=-
meters and it reaches more than 400 millimeters in Shantung
and the northeastern oart of Honei.

The high concentratlon of rainfall in summer in the
Yellow River ‘Basin is due to the characteristics of the
seasonal changes in the atmospherlc circulation of east
Asia, In summer the sub-tropical hish pressure center over
the Pacific is marticularly well—developed and the western
part of its high pressure ridge often extends to the east
coast of China (Reference 7)., Hence the warm, moist tropi-
cal maritime air masses may reach the various regions of this
basin, especlally the vast area in the middle and the lower
reaches of the river,

In nid-summer when the maritinme air masses prevall, the
averaze position of their extreme fronts is well within
this basin (Reference 8). Whenever cold air invades this
basin from the north or the northwest, an extensive area
with strong and heavy rain is produced near the cold front.
If the cold front gradually becomes a stationary front in
the basin, a rain storm or heavy rain belt occurs near the
frontal area., - The amount of precipitation during one fall
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is considerable, often amounting to over. 50 millimeters and ‘
possibly exceedins 150 to 200 millimeters. T P

Hostof the rain stOrms in this basin oeccur. in summer,

"_especially in July and August, in spite of the fact ‘that

many still oacur in September in the Vel Ho basin (?eferences
9, 10). - The intensity of summer rain &torms in the Yelloy
River Basin 1s rejlatively high and.ig'of utmost importance

to agriculture aid water conservatign work in“the basin. '
Therefore, it merits further and more intensive studies. S

At the moment let us turn oup attention to:a brief ac-.
count of the localities where rain storms occur, the direc-
tion and the speed of the movement of rain storms, the types -
of rain storms and the amount of precipitation from them.

Figure 3 indicates that the frequency of rain storms is
the highest in the plain areas on the western -shore of the
Po Hai, in the area between Lo yang end K'al feng and. in
the higher areas of the Ch'in—ling Shan, These areas
averase one to two days a year with a dalily precipitation
over 50 millimeters. On the othetr hand, the northwestern
part of the middle and” the upper reaclies of the river and -
the Ordos steppe’ average .only :one . day or none ‘at all with -
e dally rainfall- with over 50 millimeters every ten years..\_

The principal directions in which the rain storm areas
veer (shift) daily are three: from west to'east, from south-:
vest to northeast and from northvest to southeast (Fig 3).
However, in the mid+summer months of July and August the
direction in which the rain storms shift 18 more complicated
and ‘the rain storms in the plain areas in the 1ower reaches
of the- river even shift northward.- ' S
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Generally speaking, the type of raln storms assoclated
with a cold front generally shift from northwest to south-
east; the stationary front type end the cold turbulence
type generally shift from west to east or from southwest
to northeast; and the typhoon type and those which occur
at the west end of the Pacific high pressure ridge may shift
from south to northi

The shift in direction of any particular rain storm
1s determined by the direction of the alir eiréulation in-
the upper atmosphere and the weather system which produces
that particular storm (Reference 11)i (In Figure 3, the
arrow heads point out only the main directlons of shifting
by rain storms; rain storms also exist and shift in areas
unmarked by the arrow heads:) (Reference 9).

As to the velocity with which the rain storms shift in
this basin Comrade HSU lleng-ying has done some statistleal
vork in that resnect (Reference 9), She pointed out that,
"Rain storms generally shift slower in July and August;
the average velocity 1s 150 kilometers per day for the vari-
ous directions of shifting, even though & miximum veloclty
of more than 600 kilometers per day has been reached."

Comrade HSU also pointed out that, "Rain storms shift
faster in lay and June, moving at an average speed of 200
to 400 kilometers per day but the maximum speed is only
about 500 kilometers per day."

Rain storms that do not change thelr positlions every two
days occur only from July to September. On the other hand,
80 percent of the rain storms in the Yellow River Basin last
only one day and then dissolve. Only 15 percent of the railn
storms in the basin last two days. Rain storms that last
more than two days are still fewer, For this reason, the
above-mentloned statistics on the directions and the speed
of the rain storms can be applied only to about 20 percent
of them which occur in the Yellow River Basin,

Of the types of rain storms, the frontal type is the
most important and accounts for about 90 percent of the
storms, On the other hand, the cyclonle type of rain storm
is very rare and amounts to only five percent of the storms.
The typhoon tyvne of rain storm 1s still rarer in this basin
and accounts for only two percemt of the storms.
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In additlion to these three types, & small number of rain
storms are due to the cold tukbulence in highvgititudes
or other.moﬁg'complex’causes;i,Qf,the,frontél,ty?e of rain
storms, the pold front type is the most numérdug and accounts
for two thirds of the total number, The statiddary front
type of rain: stormcomes nextj and the warth fr6Ht type is

the least in nUmber:

The sumiter rain storms of%eﬁ\cauée;huge'fldbﬁ»peaﬁé‘in
the rivers.' #he situation is particularly seridus whéi a
rain storm moves from the western to theé eadbern parts of
the Yellow River Basini. As it moves; the intensity of . ,
precipltation continues %o grow and the ‘rain storm persisis
for a longer period: At the same time, the flood water of
the middle dnd the upper reaches of the river flows towards

-the lower reaches, where the river channel is already heavily

burdened with the huge amount of ‘surface run-off. Thus a tre-
mendous flood deak is produced. in the lower reaches of the -
river, o . S S -

For this reason it is imperative to analyze "the time,
the area and the depth" of the large, strong and persistent
rain storms in the Yellow River Basin. This writer once
did some detailed work in this kind of analysis.,

For example, in early July 1935 a strong rain storm
occurred in this basin. It started in the Yei Ho and the
upper reaches of the Ching Ho and then gradually moved
eastwvard and lasted as long as .a week, This storm persisted
for four days (4 to 7 July) in the Wei Ho Basin and the total
breclnitation amounted to 2,57 billion cubic meters, Thus

the average depth of rain during those four days of precipi-

tation was 96 millimeters throughout the entire ei Ho Basin
(of 46,840 square kilometers)s : - - o

This rain storm also persisted  four days (6 to 9 July)
in the drainage area of the Lo Ho, I Ho and Ch'in Ho (48,440
square kilometers), The average depth of precipitation
was 115 millimeters and ‘the total amount reached 5,56 bil-

lion cubic meters,

This rain storm also persisted five days (6 to 10 -July)

over a large area in the lower reaches of the Yellow River..

On the five-day precipitation map(not included in this article)
the 100-millimeter isohyet encircled an area amounting

to about 110,000 square kilometers; the average depth of rain-
fall was 149 millimeters; and the total amount of precinitation
amounted to 16.4 billion cubic meters, '
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 On_the six-day precipltation map (not included in this :
article) the total amount of precipitation within the area -
,enqirclEd;by”thev25-millimetér;isdhyet'reachea127g56 billion
-eublc meters. . If the precipitation. beyond thé area ‘bounded
by the 25-millimeter isohyet was lncluded, then the total -
amount of precipltation would still be more impressivé.,. ' -

In early August.1937‘a:rain;stérm; which was, even.mobe

intense than the one mentioned above, odourred .and persist-’ -
4y (not in-

RS

ed seven days, On the seven-day precipitatiowmdp 1=
cluded in this article) the ares bounded by tHeé 150-<milli-
meter 1

sohyet amounted to ‘about 100,000 square kilometers,

The averane depth of precipitation was 221 millimeters’ and -
the total amount_qfspracipiﬁation amountedlﬁq'gﬁgﬁ;billipn;}

cubic meters:

" It should be pointed out that precipitation of various
intensities also occurs most frequently in summer, despite -
the fact that summer precipitation is derived mainly from
rain .storms, - The,pqcurrence;of,heavygrain,ia,varngimilar

to‘thatﬁoffrain’stqrms.'_Medium'rain ahdgl;ghp.rainfalsQ”obgur

most frequently in summer,

However, in the Vel Ho Basin ‘the frequency of 1ight rain

is lower in July and August than in April and ijay as well

as in September and October, For further details readers :
may refer to nazes 121 to 132 of "A Precipitation Atlas of .-

the Yellow River Basin™ and Chapter 5 of "The Precipitation
of the Yellow River Basin" (Reference 12), =~ '~ =~ =~ . =

- (3) . Autunn:- - Autumn precivitation is very unevénly dis-
tributed and varies greatly in the various. areas. For T
example, Heng-shul of the North.China Plain averages only
38 millimeters of precipitation’ during the three autumh
months, But. autumn precipitation is particularly heavy- in

the Weli Ho Basin; for gxamplékit isV196'milliméters_at Sian,

ligst’ of the rezions. have an : ‘
erally between 40 to 150 millimeters, which is dightly =
heavier than spring precipitation, The peretentage of annual
preciplitation:accounted for by -autumn vrecipitation 'also

varies greatly among the various regions in the basin, For -

example, it 18 only 15 Dercent in Heng<shul but reaches 34

- vércent in Sian, However, -for most .of the regions it is’ ..

15 to 30 percent, -
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Autumn breclpitation is most unevenly distributed ‘espe-
clally in the autumn rainy area.in the southern part of the
Wel Ho Basin; this represents & marked characteristic in
the autumn 3recipitatlon of this besin. _

: In September or early autumn, the thance of the goutheast
tropical maritime air masse to redch the Yellow ‘River Basin
is very low (Refershees8, 2), and consequently the precipi-
tation of September is much smaller thii that ‘of the mid~
sumner months of July and August. - Theﬂ why. 18 the precipi-
tation in Sebtember in the Wei Ho Basin and he Ch'insling
mountain aveas greater than that of Augudt instead of 1es8?
This can be eXplalned by the actlivities 6f the east Asla
weather systems and their seasonal echanpges.,

September is the period during which the east Asia at=
mosoheric circulation abruptly.changes from summer to autumn
conditions (Reference 13); during this period the north
polar continental ailr masses: vradually become  stronser and
stronger and the likelihood of the Mongolian anticyclone
invadlnv the south greatly increases,

Thenever the anticyclone from Mongolia moves southeast=
ward, the Wei Ho Basin is right in the southwestern sector
of the anticyclone, and a SW- NE oriented low pressure trough
often appears on the seene. Precipitation frequently ocours
in that trough, , e .

Furthermore, in September when the southeagtward-moving
cold front from the Ho-hsi Corridor [in Kansu] reaches the
southern part of the Vel Ho Basin, it is intercepted by the
Ch! in-ling mountain areas.- As the speed of the’ cold front
slovs down, the frontal preclpltation area is often enlarned.

The chaence for tais tvPe of bfecinitation to occur in this
area during the mid-summer months of July and August is less
because durinﬂ those two months the anticyclonic circulation
in the upver air over the eastern part of the Tibetan Plateau
doninates (Reference 3) and extends its influence over a part
of Szechwan and Shensi provinces, Thls lessens the chance
for the northwest cold air to invade this area.

Furthermore, this more stable anticyclone may effectively
orevent air currents coming from various directions.from
converzing over the Wel Ho Basin, In September the conditlons
of the summer atmospheric circulation change suddenly and
these changes favor »recipltation in the Wel Ho Basin, Hence

4l . ) .,A:




the precipitation for September in this area 1s even heav1er
than that: of July or August. ﬁTjs : , : I

Autumn Drecipitatioh in Hopei and a greater part of Shansi
Province is always leds than ‘summer precipitation, generally
being only 40 to 90 millimeters, .which -is about the amount
of spring precipitation, " The ‘gaarcity of rainfall. in autumn
and in spring is due to similar causes which have been. dealt
with in the preceding paﬁes¢ Another cause %s.thiss inm - .
autunn the pressure wave.. movement of the. westerly wind belt
is not constant and thé" uoper air of the: northern part of. the
niddle and the lower reaches of the river often consists of
a warn hish pressure ridge, resulting in the so-called '

"fine and dry autumn weatheﬁ ) which is not conducive to
precipitation.” " .

: Lhe amount of autumn preeipitation in the middle and
lowet reaches ‘of the river-is derived mainly from the mois- ,
ture released by the modified maritime air masses along ‘
the ‘cold front in Septeuber before the changes in the. summer
atmospheric ‘c¢irculation take place.élf' : :

(&) Uinter: Winter. preclpltation. is very. scarce. and
generally between 5 to 35 millimeters, which is less than.
5 percent of the annual precipitation in most. areas, Even ,
in areas where winter - preeipitation is slightly heavier, . ...
such-as X'ai feng (32 willimeters) and T'ung-kuan (31 milli-
miters), it amounts to only 5 to 6 percent of the annual '
g Bure. ‘ L L e e e

Winter preclpstation in this basin is chiefly in the form_
of snovw., Throughout the’ entlre basin snowfall is never, »
heavy, and the" successive days with snow are few.and. far
between, - According to the statistice of the last Tive years
(1951 to 1955), the average number of . days with snowfall per
annum “1g xeneradlly below 15 in the various areas of the-
Yellow River Basin (Fl” ).. o \ L
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Figure 4 Distribution of Winter Preclpltatlon
and Devth of Snow Accumulation in the
Yellow River Basin
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The number of days with snow increases to between 15 and
20 days in the upper reaches of the ei Ho where the snow-
fall Is greater; wvhereas they decreases to about five days
in the northwestern part of the middle and the upper reaches
of the Yellow River where »recloitation is extremely rare
in the winter season of the year,

Therefore, the number of days with snow accumulation
per annum is also very small (with the exception of the high
mountain areas) throushout the entire basin, It is 10 to
20 days for mést areas, though 1t may reach about 25 days
1n a few areags

The average snow accumulation is ~enerally below ten
centimeters, It is slightly greater in the Wei Ho Basin,
where it still is no more than 10 to 15 centimeters, It
is only aboult three centimeters in the northwestern part
of the middle and the upner reaches of the Yellow River.
The average deoth of the heaviest snowfall is between 5
10 20 centimeters in most areas, thousgh it may reach 25
centineters in some areas,

It is evident, therefore, that winter preciviuation
as well as snow accumulation is very insignificant in the
Yellow River 3asin. In view of this fact, the small amount
of snow accumulation in the fields should be fully utilized
and irrigation should be vigorously developed so that the
yield of the autumn-planted crops may be increased.
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ITIi Characteristics of the Annual Variation -.
of Precinitation in the Yellow . River Basin

As shown in Ii‘if"mr'e B pfeclnitation in the Yellow River
Basin has as another remarkable characteristic a very high
annual variability. The relative variation rate 1/ in an-
nual precipitation is generally over 20 dercent and eyen
over 30 perdért in areas north of a line comnectihg T'ung-
kuan and X'ai fenz., The arés with the lowest relative
variation rate in annual predinitation in this Pasin is
located in the southwestern gart of the middle and the
upper reaches of the Yellow River., For example, the re-
lative variation rate in annuval precipitation in the vicini-
ty of IMin Hslen is less than 15 percent. v

i7"?elat1vé%Variation Rate in Annual Precipitation = the aver-

age departure in orecipiuation/mean precipitation for the
gsame veriod x 100 percent ("iean preclplta’clon" is the

averaoe of many years precipitation records at the loca-
1lity. "Departure" is the difference between the annual

precivitation in a certain year and the mean nreclpitation.

"Average I Departure is the average of many years depar-
tures.)
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The relative variation rate in snring precipitatlon is
very high¢ In most areas the spring rate. approximately
doubles the annual rate and. in many otlers. ‘the spring rate
suroasses the annual rate by 40 pefceﬂtb For examﬁle, at
D3~la—0h 1 and Peiping and . other localiﬁles the va§1ation »
rate for sorin' is even nreater than 50 percent..

The revion with the lowest variatlon Pats for sprin~
lies in the abes of T'iem~shul and lin Hslen in the ‘upper
reaches of the.Wel Ho where“tle “dpring rate of variatlon
is about 25 percent. .Howevér, in K'ail fens, Ta=t'ung, T 'ung-
kuan and other. ldédcalities where the annual varlatlon rate

 is high, the spring variatlon rate, on the other hand, 1s x

slifntly lower and generally: below 40 .percent.

The relative variatlion rate in summer Drecibitation
generally is slightly lower than that of spring drecinita~-
tion. It is about 25 to 40 percent.. -It is particularly
low in Hsi-ning, Min Hsien and other-localitles; the sumaner
variation rate being -below: 20 percent ‘In the above-mentioned
localities (X'ai-feng, Ta<t'ung, T'ung-kuan and so on) where
the annual variation rate is high'and the spring varlation

rate is slightly lower, the summer variation rate is remark-
ably hizh at 35 to 45 percent. Since the precipitation
in this basin is highly concentrated in summer, there 1s
a great similarity between the relative variation rate in
summer vrecivitation ‘and the annual precipitation.

The ratio between the anunual precipltation of the year
with the highest rainfall and that of the year with the
lowest . rainfall in the various ‘areas of the basin is related
to -the amount of the relative variation rate in annual pre=:
cipitation. . For example, in the southwestern part of the
middle and the upper reaches of the’ river where the annual
variation rate is low, the ratio is about 1.5 to 2.5; in

the lower reaches of the river where the annual variation
rate is high as in T'ung-kuan and X'ai feng, the ratio is

a8 high as 5. 5 to Te 5, and 1n tne J:'emew.nin‘_j areas, the ratio
ﬂenerallv is 2.5 to O. \ '

In various renions the maximum range of variation in
annual pre01oitauion is equivalent to the amount of diffef-~
ence between the year with the highest precipltation
and that with the lowest precipitatien.. It also varies
greatly among the reglons in the Yellow River. Basin,
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The -range of variation generally surpasses 500 millimeters
in the plains areas ingthQAIQWer‘teaqhes_df=the:river.andm;¢
may reach.the maximum- of about 1,000 millimeters (in Tsingtao,
Pelping and other localities).  However, it is less in the -

lisht-rainfall area in the "southern part of Hopel Province.

For example, inHeng-shul (17 years' records) the maximum
range of variation is lesst~than”900'millimeters. o

In Shansi and northern~3hénéi_theﬂmaximum‘range«qu_ R
variagtion is generally 300. to 500 millimetersi< {It. is about .
-400’to;600’millimgters"iﬁithe,WeijﬁorBasin,in seuthern =/ - ...
Shensl. In the area from Hin Helen to Hsiknihg! in“the =
southwasternupartuof.the,middlenandJthe uppérlreacheSEOf;hhg
river, the range of'variatiqnpis‘theismallgsﬁ,aaboqt 200 Lo .-
300 millimeters, e S e

‘Generally speaking, the ainnual variation of precipitation
in the Yellow River Bagin is Hot only high but also varles
greatly among the areas--betyeen the eastern.and the western
parts, between the nqrgheﬁn;and“theQEQUthern;parts~fas well
ag between the plains and ithe mountain areas, Furthermore, -
the seasonal variatlons.also vary greatly.. - SR I

| IIT. Drought in tHe Yellow

. As»Stated»above,qpfégipitation-isfunevenlyﬁdistributedv
throqghout»hhe;xeliowiﬂiverfBaSin@~;Thé~ahhual«precipitatipn
is*npt,bountifuluatamghyllocalities“anafisﬂgenenallywbelow-
500 -willimeters in most of the resions; and the amount of - -
ennual prec¢ipitation in varlous regions-is cheifly dependent
on ralin storms.end heavy rain in summer. Hence, drought:
in the Yelloy.River Basin has become an outstanding probleun.
-VTnAt;thisgjuncture;;lét”usﬂdiscuss;the'droughtﬁproblem:of
the Yellow River Basin in the light of the ocourrence of
drought areas (Reference 16) and the ‘eonditions under which
drought%anths,rdroughtpsaasqns;and,dnought periods .occur -
in“the various regions of the basin' (Reference 15). . ;-

If o' drought month is defifed as ‘a month -having a preci-
pltation equivalent to or below 40 perchet of the average.
brecipitation for that month in a certdain ldeality or reglon,
then the various localities or regiong in the basin may, on



the average, experience one or two such months every year.

The percentage of occurrence of drought months in various
seasons varies from place to place (Fig 6). Cenerally speak-
inz, it is the highest in winter, generally above 30 percent
or even above 50 percent (as ifi T'ien-shui), and it is
the lowest in summer; génerally below 20 percent or even
below 10 percent (as in Péiping); however, it varies con-
siderably between spring &nd autumn in the various locali-
ties. For example, in Peiping drought months od¢éur more
frequently inh spring than in autumd (32 percent to 23 per-
cent), whereas in Ts8inan they occur more frequently in au~
tumn than in dpring (33 percent to 26 percent).

In Tsihan the chance of a drought month occurring in
autu?n is even greater than in winter. On the contrary,
in T'ien-shui of the Wel Ho Basin the percentage of drouzht
month occurrence is the smallest in autumn, being less than
10 percent; however, it is the largest in winter, amounting
to about 50 percent; -and it is about 20 percent both in
spring and summer, even though it is slightly higher in spring
than in summer, _ :

It is evident, therefore, that there is no uniformity in
the occurrence of drought months in the varlous seasons
among the localities in this basin,

In various localities periods without sufficient precipi-
tation often persist for several months, thus possibly result-
ing in severe droushts. T a month without sufficient preci-
pitation is defined as one having a precipitation equivalent
to or below 60 percent of the averaze precipitatlion for tret
month of the year, then the period without sufficient preci-
pitation may versist longer than four months in the varilous
localities in this basin (The lounsest one lasted) only three
months in T'ien-shui, on the basis of 1l5-year records).

Accordinz to available records, the lonzest period without
sufficient precipitation occurred in Pelping; for nine conse-
cutive months the monthly precipitation was below 60 percent
of the average., However, a period without sufficient preci-
pitation very seldom persists six months or longer in the
various localities, even though such a lengthy period may
occur once every 20 years.
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in the Yellow Rlver Basln




If a drought season is defined as one having a seasonal
precipitation below 40 percent of the average amount for
that season, then the freguency of a drousht season is higher
in ‘autumn than in spring (Figs 6 and 7) in the various loca-
lities in the basin, particularly in the upper reaches of
the river,

Figure 7 shows the average occurrence frequency of drought

periods in spring, summer and autumn at 20 observation sta~
tions. in the Yellow River Basini The drought perilods are
divided into five groups; 10 to 20 days, 21 to 30 days, 31
to 45 days, 46 to 80 days and 61 to 90 days. That is, if
the total precipitation within a period of 10 to 20 days is
less than 0,1 millimeter the period is considered as & S|
drousht period. Any period that falls between two 10 to 20- .
day drousht periods and during which the total precipitation -
is less then 0.5 millimeter will be incorporated so as to

make up a drought period of more than 20 days.

As indicated in Figure 7, the average occurrence frequency
of the 10 to 20-day drought period varies among the locali-
tles but generally is hizher than those of the longer periods.,
for example, in Lo yang, Shan Hsien and other localities
the 10 to 20-day drought vperiod oceurs on the everage more
than five times in three seasons., In Hsi-ning, »in Hsien
and other localities it occurs less than three times in
three seasons; and in the rest of the localities it general-
ly occurs three to five times in three seasons.

In all localities the aversase occurrence of the 21 to
30-day drousht period is about once in three seasons, and
it occurs the least frequency in the Wei Ho Basin, A drougzht
veriod of longer than 30 days very seldom takes place in ~
the various localities; if it does, it generally does 8o
less than once in three seasons on the average. In T'ien-
shul no drought period longer than 30 days has ever occurred 2 3
so far, ' .

A drought veriod of longer than 60 days has not yet occurred
in summer in any area of the basin, and only in spring or
autumn does such a veriod oceur, and that is occasional.
However, the Wel Yo Basin and Shantuns Province have not
yet exnerienced a drought period longer than 60 days even
in spring or autuun. o
Lfor the following analysis] the Yellow Rlver Basin 1is
divided into eastern and the western parts along latitude

54



5%

1099 East (see the black broken line in Fig 7). The number

of times in which widespreéad scartity of rainfall and widespread

abundant rainfall éccurred in the eastern part during the
vapnious months from 1920 to 1954 (two of these years are
without records) are listed in Table 1, and similarly the
ingidence of oeccurrence for 1933 to 1954 in the western

 part of the basin are listed in Table 2.

11 thése two -tables, the following facts stand out: (1) No
matter if it be in the eastern or the western parts, the »
occuirrence frequency of widespread scarce rainfall and wide-
spread drought far surpasses that of widespread abundant
rainfall. This clearly indicates that vast expansesd
territory in this basin often experience a scarcity of rain-
fall simultaneously, and hence the drought areas are very
extengive, Abundant rainfall is very rarely widespread
and usually occurs only locally., The expression "Drought

oceurs in a patch; flood, on a line" cbrresponds with the

facts,

(2) Months With'ainofﬁal amount of precipitation in par=-

ticular occur frequently in the western vpart but very rarely

in the eastern part. This corresponds with the fact that
in the Yellow River 3asin the relative variation rate in pre-
cinitation is generally lower in the western part (especially
in the Wei Ho Basin) than in the eastern part. v

(3) In terms of the aggregate frequency of widespread
scarce rainfall and widespread drought, the eastern part
hes the highest frequency in November and the western part
in December:; and the eastern part has the lowest frequency
in July and June, and the westeérn part in July, September
and April. In the same terms; the eastern part has a higher

‘incidence of these conditions in the mid-spring month of
April and the mid-autumn month of October (the frequency

of occurrence in these months is identical), whereas the
western part has a greater occurrence of such conditions -
in the late spring month of Iay and June than in the late
autumn wmonth of November. B Lo
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In terms of widesoread drought. alone, the eastern part
has a higher frequency of eccurrence during the period of
October to Avril and lower ones in the period 6f May to Sep-
tember; whereas the western part has a higher frequency from
November to January and a lower one from iarch t6 Oc¢tober,
esvecially during the period from July to September, In
the western part “of the basin no drought has ever octéutrred
durlno the latter perlod for the lasﬁ 22 yearsi

From 1920 to 1954 (Two of: these yéars ard without records)
the months in whidh scarce rainfall or. droughh was Widespread
in the eastern part number 85 (Table 1), averaging 2,6 months
ver annum,., 0Of these 85 months,- perio&s of two consecutiVe
months aooesred 10 times, and those -of three consecutive _
nonths and four consecutive months. dppeared twice each; with
all subth combination accountins for 40 percent of the 85
montl’ls .

~In the spring of 1935 and 1940, the eastern. paru had three
consecutive months of widespread scarce rainfall or drought;
this reflects the severity of extensive  spring drought in '
the eastern part of the basin, . And,. widesoread abundant
rainfall occurred a total of s8ix timés in the month either
imnediately preceding or following the months of widespread
scarce rainfall or drought., lhese six times amounted to 35
percent of the total of 17 times durinﬂ which widespread
abundant rainfall occurred;.and on all: 17 occasions the
rainfall was iﬂdebendent. IR . o

Frou 1933 to 1054 the months with widesnread gcarce
reinfall or widesvread drought in the western part total
44, averasing 2 months a year, which is slightly less than
in the eastern part., Of these 44 months, periods of two
consecutive months appeared seven times, and those of three
consecutive months, twice; these two groups accounted for
20 out of the total. The remaining 24 months occurred singly.

Of these 44 months in which scarce rainfall or drought
was widespread, a verilod of three consecutive months appeared
once from ilarch to May 1941 and again from December 1941 to
February 1942,

Of the 34 months with wides»read normal rainfall, only
four occurred in the month either immediately preceding or
following the months in which scarce rainfall or drought
weas widespread. This underscores the fact that the chqnce
for a month with widespread normal rainfall to occur immediately
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o Accordingﬁtd,thefprqnegnng seationd, the precipitation

. of the Yellow River Baginﬁméyjbe;gharacterizéd“by'the follow-

«.dng five main'gharactéristicst (1) severe sprinsg drought,.

(2 concentration of summer nrecinitation and violent rain .

storus, (3) autumh pre¢ipitation varies greatly from place .
to place, (4) . wiater precipitation insufficlent and chiefly A
in the foram of snow, and (5) hish annual -and seasonal véaria-

tions. - . Lo B N - e A " L e N . ) ‘- .

.. 0n the basis. of the foregoing characteristics of the pre-
cipitation in the Yellow River Basin, the following two pre-
lininary measures are susgested: (1) the advanced exveriences
of the Soviet Union should be ddodted so that the small
amount of snow accumulaticn in the flelds in winter may be
utilized to the utmost;. wells should be dug extensively
and lrrigation measures vigorously developed in order to -
prevent spring drought, and (2) the ‘water conservation plan
for the lower reachea of the Yellow River should be given
proper attention and facilities provided in order to store
the large amount of summer precipitation in the lower reaches
in an-effory Lo prevent flood and to facllitate irrigation.

Eiﬁéllja Qur ﬁési?ﬁé@r@fei@ qu@pWIngemanthis nereby .
ma@e,tq¢ComradedeANG;ChiQ{yins;for,aséigtanqeiinfcomputation

and-cartosradhic work, '
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